Chemicals and reagents. Multi-walled CNT (MWCNTs) was obtained from Beijing DK nano technology Co., Ltd. Cobalt nitrate hexahydrate (Co(NO 3 
added to the above mixture and continued stirring for 24 h, followed by hydrothermal treatment at 120 °C for 24 h. The obtained RMF@CNT were collected by centrifugation, washed with ethanol and water for several times, and dried at 60 °C.
Synthesis of Co-P,N-CNT, PN-CNT, Co-N-CNT.
In typical synthesis, the asprepared RMF@CNT, triphenylphosphine (TPP), and cobalt nitrate hexahydrate (Co(NO 3 ) 2 •6H 2 O) (mass ratio is 10:10:1) were immersed in 20 mL of deionized water and stirred for 2 h followed by sonication for 2 h. After drying in the oven at 80 °C for 24 h, the resulted powder was annealed at a rate of 5 °C min -1 to 800 °C under an N 2 gas flow for 2 h. Afterwards, the sample was allowed to cool naturally to room temperature, named Co-P,N-CNT. Furthermore, PN-CNT and Co-N-CNT samples were obtained via the similar method but without Co(NO 3 ) 2 •6H 2 O or TPP.
Synthesis of Co-P-N@CNT.
The pre-treated MWCNTs, melamine, triphenylphosphine (TPP), and cobalt nitrate hexahydrate (Co(NO 3 ) 2 •6H 2 O) (mass ratio is 1:32:20:2) were immersed in 20 mL of deionized water and stirred for 2 h followed by sonication for 2 h. After drying in the oven at 80 °C for 24 h, the resulted powder was annealed at a rate of 5 °C min -1 to 800 °C under an N 2 gas flow for 2 h and the sample was allowed to cool naturally to room temperature. Then, the asobtained material was treated with 0.5 M H 2 SO 4 for 24 h. Afterwards, the mixture was centrifuged, and the solid material was washed three times with distilled water and dried under ambient condition, named Co-P-N@CNT. mA. The Raman measurements were performed on a Renishaw spectrometer at 532 nm on a Reishaw Microscope System RM2000. The N 2 adsorption/desorption curve was determined by BET measurements using a Micromeritics ASAP 2020 surface area analyzer. The X-ray photoelectron spectroscopy (XPS) measurements were performed with an ESCA LAB 250 spectrometer using a focused monochromatic Al K α line (1486.6 eV) X-ray beam with a diameter of 200 μm. The Co K-edge X-ray absorption near edge structure (XANES) and the extended X-ray absorption fine structure (EXAFS) were investigated at the BL14W1 beamline of Shanghai Synchrotron Radiation Facility (SSRF) in fluorescence mode using a fixed-exit Si(111) double crystal monochromator. The incident X-ray beam was monitored by an ionization chamber filled with N 2 , and the X-ray fluorescence detection was performed using a Lytle-type detector filled with Ar. The EXAFS raw data were then background-subtracted, normalized and Fourier transformed by the standard procedures with the IFEFFIT package. 1 Electrocatalytic measurement. A CHI 760E electrochemical workstation (CH Instruments) was used to measure the electrocatalytic activities towards ORR. All the electrochemical measurements were conducted in a three-electrode configuration. The potential, measured against an Ag/AgCl electrode, was converted to the potential versus the reversible hydrogen electrode (RHE). To prepare the working electrode, 2 mg each of the samples was dispersed in 0.99 mL ethyl alcohol and 0.01 mL of 5 wt% Nafion aqueous solution under sonication for about 30 min. Thereafter, 10L of the obtained homogeneous catalyst ink was dropped onto a mirror polished glassy carbon electrode. For comparision of the ORR activity, Pt/C (20 wt%) electrode was prepared by using the same procedure. 0.1 M KOH aqueous solutions or 0.1 M HClO 4 aqueous solutions saturated with nitrogen/oxygen were employed as the electrolyte for ORR.
Stability was examined by current-time chronoamperometry. The details for calculation of electron transferred number for ORR is given later.
The calculation of electron transferred number for ORR.
On the basis of the RDE data, the electron transfer number per oxygen molecule for oxygen reduction can be determined by Koutechy-Levich equation:
Where J is the measured current density and is the electrode rotating rate (rad s For the RRDE measurements, catalyst inks and electrodes were prepared by the same method as for RDE. The disk electrode was scanned at a rate of 5 mV s -1 , and the ring potential was constant at 0.336 V in 0.1 M KOH or 1 V in 0.1 HClO 4 (vs.
Ag/AgCl). The HO 2 -% and transfer number (n) were determined by the followed equations: 2 (4)
where I d is disk current, I r is ring current, and N is current collection efficiency of the Pt ring. N was determined to be 0.40. Fig. S1 . TEM images of pre-treated CNT under different magnifications. 
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Computational Section
Methods and Models. First-Principles calculations were carried out within the density functional theory framework. 18 The projector-augmented wave (PAW) method 19, 20 and the generalized gradient approximation (GGA) 21 To model the thermodynamics of the ORR, it is more convenient to work at alkaline conditions based on Nørskov's model. 27 
